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Filipin (a polyene antibiotic) interacts specifically 
with cholesterol in membranes, producing characteristic 
25 om-diameter deformation (pitlike lesions) within the 
membrane plane detectable by freeze-fracture electron 
microscopy. Utilizing this probe, the distribution of cho-
lesterol molecules in membranes and in lamellar struc-
tures between horny cells was investigated in human 
skin. 
The plasma membranes of basal, spinous, and granu-
lar cells reacted extensively with filipin except for des-
mosomal membrane portions. However, the plasma 
membranes of horny cells were rarely labeled with fiJi-
pin, while lamellar structures between horny cells were 
well labeled. These observations indicate the distinct 
difference in susceptibility to filipin among the plasma 
membranes of viable cells and horny cells, and the lipid 
lamellar structures. Whenever horny cell plasma mem-
branes were affected with filipin, they revealed a low 
deformability showing shallow pits or low protrusions. 
This low deformability may be due to greater membrane 
rigidity rather than a lower content of cholesterol, al-
though the possibility of a low amount of cholesterol 
cannot be excluded. Lamellar bodies in granular cells 
were well labeled in the limiting membranes but poorly 
labeled in the internal lamellar structures. The regions 
of gap junctions were absolutely unlabeled. Filipin-cho-
lesterol complexes were produced very close to the junc-
tional strands but did not appear to disrupt the junc-
tional structure of tight junctions. Nuclear membranes 
were affected only in the outer membrane with filipin. 
These results suggest that keratinocytes undergo a dis-
tinctive reduction in membrane deformability or in free-
cholesterol content at the transition from living to dead 
cells, and display a heterogeneity in cholesterol distri-
bution in human epidermal cell membranes. 
Cholesterol is an important component of cellular mem-
branes and serves as a bioregulator of membrane fluidity and 
cell functions [1,2]. Abundant cholesterol has been found in 
epidermal cells, especially in stratum corneum [3]. Although 
cholesterol is suspected to be important for differentiation, 
little is known about its localization in the plasma membrane 
and other intracellular membranes in keratinocytes of human 
epidermis. Knowledge of localization might provide clues about 
origin in epidermis and function of cholesterol. 
The differences in cholesterol content and planar distribu-
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tion in cell membranes have been detected in freeze-fractured 
membranes by the use of t he polyene antibiotic filipin after 
freeze-fracture cytochemistry was applied as a tool by Elias et 
al in 1979 [4]. Filipin specifically interacts with cholesterol and 
other 3-/3-hydroxysterols to produce discrete hemispherical 
bulges (20-25 nm wide) in cell membranes [5-7), which are 
clearly visible in freeze-fracture replicas. Since this method is 
potentially useful for studying the microheterogeneity of cell 
membranes, it has been employed in a wide variety of cells, 
such as retinas [8], the epithelium of Henle's loop of kidney 
[9], muscle cells [10], mast cells [11], protozoa [12], and fungi 
[13]. Recently, these results have been well reviewed by Kar-
novsky (14) and Severs and Robenek [15]. 
In the present study, cholesterol distribution in human ker-
atinocyte membranes was studied using this technique. Marked 
differences in filipin susceptibility of membranes were found 
among living cells, horny cells, and lamellar (Odland) bodies. 
Junctional structures, i. e., desmosomes and gap and tight junc-
tions, were not labeled with filipin, as previously reported in 
mouse epidermis using filipin [4] and digitonin [16]. These 
results are discussed in terms of keratinization and membrane 
deformability in this communication. 
MATERIALS AND METHODS 
Materials 
Normal sk in specimens were obtained from several patients with 
basal cell epithelioma or nevocellular nevus by taking the normal skin 
from around the resected lesions. Basal cell epithelioma specimens 
were prepared by cutting the invasive masses in the dermis from the 
biopsies. Since plasma membranes of basal cell epithelioma reportedly 
are rich in cell junctions (17- 19], they were used also to study choles-
terol distribution in the junctional areas of membranes. 
Freeze-Fracture Cytochemistry 
Biopsy specimens were prefixed with 2% glutaraldehyde in 0.1 M 
phosphate buffer, pH 7.2 at 37•c, for 20 min after they were cut into 
as small pieces as possible (less t han 0.2 X 0.5 mm) with a scalpel. 
Then, the samples were incubated at 37•c for 3- 4 h with the same 
fixative containing 50 J.lg/ml of filipin (Dr. Richard L. Keene, Upjohn, 
Kalamazoo, Michigan) which was initially dissolved in dimethyl sulf-
oxide (DMSO) (final concentration, 0.05%). Filip in labeling was carried 
out after prefixation and during fixation , since filipin treatment of 
fixed cells has been now widely accepted as the best method to study 
microdistribution of cholesterol in membranes [4,20]. To assess effects 
of DMSO, a skin specimen was fixed with glutaraldehyde with the 
same concentration of DMSO without filipin. This solvent exerted no 
effects on cell membranes compared to controls as reported in other 
cells [11,12]. The samples were washed with 0.1 M phosphate buffer 
(pH 7.2) and resuspended in increasing concentrations up to 30% of 
glycerol. The samples were frozen in liquid nitrogen. Platinum-carbon 
replicas were made in a freeze-fracture device (Hitachi HFZ-1) and 
observed with a JEM-100U electron microscope. 
RESULTS 
The effects of filipin on the plasma membrane are shown in 
Fig 1. The hemispherical bulges induced by filipin-cholesterol 
complexation appear mainly as "pit"-like lesions on the P face 
(the fracture face of the protoplasmic half-layer) and as protru-
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FIG 1. Filipin-labeled plasma membranes of spinous cells. Most of 
filipin -cholesterol complex-induced membrane lesions appear as pits 
(10- 15 nm wide) (arrows) on the P face (P), although some protrusions 
(20- 25 nm in diameter) are also seen (double arrows). On the E face 
(E), lesions are observed as protrusions (double arrows). The P face is 
rich in intramembranous particles, but the E face is poor. Arrow with 
JC = intercellular spaces; D = desmosomes. 
FIG 2. Absence of filipin-cholesterol complexes from the membrane 
of desmosome. Th figure shows theE face. Desmosome (D) is free from 
the bulge lesions (arrows). 
sions, 20-25 nm in diameter, on the E face (the fracture face 
of the external half-layer) of the plasma membrane. However, 
these two types of lesions appear on both fractures faces . The 
P and E faces can be distinguished by the density of intramem-
branous particles (IMP) since the P face is studded with many 
IMP and t heE face with a smaller number of IMP [21-23]. 
Desmosomal areas of the plasma membrane, which appeared 
as IMP aggregations [21-23], remained intact after filipin 
treatment, while the surrounding membrane areas were heavily 
labeled with the agent, as shown in Fig 2. The protrusions 
reached the exact margin of desmosomes with a sharp demar-
cation. Gap junctions were also free from the filipin-cholesterol 
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complexes (Fig 3). Tight junctions, which were abundant on 
the plasma membranes of basal cell epithelioma cells, were not 
disrupted with filipin-cholesterol complexes although they 
were formed just next to the junctional strands in the mem-
brane (Fig 4). These results were also confirmed in junction-
rich plasma membranes of basal cell carcinoma. Lamellar (Od-
land) bodies were distinctly labeled with filipin in the limiting 
membrane but poorly or not at all in the internal lamellar 
structures (Fig 5a,b). Poor labeling was noted also in the 
lamellar structures in the intercellular space of the stratum 
granulosum. In the nuclear membranes (envelopes), the com-
plexes were produced only on the outer nuclear leaflet, as shown 
in Fig 6. 
The plasma membranes of granular cells were intensively 
deformed, but those of the next horny cells were weakly affected 
with filipin (Fig 7). The horny cell membranes showed only 
mild deformations as shallow depressions formed on the E face, 
as shown in Fig 7. The lamellar structures of lipids in the 
intercellular spaces in the stratum corneum showed a marked 
positive reaction (Fig 8). 
FIG 3. Gap junctions (G) free from filipin -cholesterol complexes. 
The E face is shown in the figure, but a small portion of the P face 
(arrow with P) is also exposed. Most labels appear as protrusions. 
FIG 4. Tight junctions. Filipin-cholesterol complexes are produced 
next to the junctional strands, but do not disrupt them. This figure 
shows the P face. 
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FIG 5. La mellar (Odland) bodies or granules. This figure shows granular cells where many vesicular structures, probably of lamella r bodies, 
(LG) are seen (a). The internal lamellar structures appear to be unlabeled with filipin (b). D = desmosomes; P =plasma membranes. 
DISCUSSION 
By incubating the small "chopped" pieces of glutaraldehyde-
prefixed skin in the fixative (2 % glutaraldehyde-buffered solu-
tion) containing cholesterol-specific cytochemical probe, fiJi-
pin, and then examining the characteristic hemispherical bulges 
by freeze-fracture electron microscopy, we were able to visualize 
differences in filipin susceptibility and deformability among 
plasma membranes of viable keratinocytes and horny cells, 
lamellar lipids in the intercellular spaces in the stratum cor-
neum, and lamellar granules in granular cells and nuclear 
membranes. Although the primary application of this technique 
using digitonin and filipin to skin was made in mice by Elias 
et al [4], observations on human keratinocytes have not been 
performed by this method. 
The main results obtained are: (1) filipin-induced lesions are 
incomplete in horny cell membrane while they are complete 
and more abundant in the plasma membrane of viable kerati-
nocytes and intercellular lamellar lipids in the stratum cor-
neum; (2) the limiting membranes of lamellar bodies in granular 
cells were markedly labeled with filipin but hardly labeled in 
the internal lamellar structures; (3) the outer nuclear mem-
brane was well labeled with the probe, but the inner nuclear 
membrane was not; (4) desmosomes and gap and tight junctions 
in human keratinocytes showed no response to filipin. 
In order to interpret filipin cytochemistry in tissue, we should 
pay attention to at least three factors for the filipin-cholesterol 
complex formation; first, the concentration of cholesterol in 
the membranes [12]; second, the even penetration of the probe 
into the tissue; and third, the accessibility of cholesterol. The 
last property can apparently be modified by the amount and 
nature of membrane-associated proteins [24] and also by lipid 
compression and fluidity (or deformability) in the membrane 
[12,25]. 
The striking differences in filipin susceptibility of plasma 
membrane between living keratinocytes and horny cells are 
revealed in Fig 7 and by comparing Fig 7 with Figs 1-4. The 
incomplete development of filipin-induced lesions in horny cell 
membranes, which was first shown in the present study, prob-
ably reflects the rigidity of this membrane, since we have 
observed similar incomplete complex formation (i.e., low de-
formability) in the gel-phase membrane induced by low-tem-
perature shift of a eukarytic cell, Tetrahymena [12] , although 
it is still possible that these incomplete filipin lesions are caused 
by a lower content of cholesterol. This rigidity may in part if 
not entirely be, due to the marginal (proteinaceous) band of 
the horny cell plasma membrane which can be seen as the 
electron-dense inner leaflet of the membrane by thin-section 
electron microscopy [26]. 
The intercellular laminae of lipids were well labeled while 
the horny cell membranes appearing in the same replica were 
not affected with filipin. This observation is very similar to 
that made with digitonin, an alternative freeze-fracture probe 
for cholesterol [27]. These results indicate that the intercellular 
lipids have a higher susceptibility to filipin than the horny cell 
plasma membranes. This may suggest, in turn, that the inter-
cellular lipids are more fluid or larger in free-cholesterol amount 
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FIG 6. Nuclear membranes. The outer membrane (envelope) of the 
nucleus (theE face is shown: NOE) is profoundly affected with filipin, 
although the inner membrane is not. Arrows = nuclear pore; NIP= 
the P face of the inner nuclear membrane. 
than are the horny cell plasma membranes. Thus, it is possible 
that, at the transition from viable epidermal cell layers to the 
stratum corneum, keratinocytes reduce the deformability or 
free-cholesterol content of the plasma membrane and produce 
intercellular lipid laminae with a higher filipin susceptibility 
than that of surrounding horny cell membranes. 
The lamellar granules in granular cells were profoundly 
affected with filipin although the lamellar contents were not. 
The former result is compatible with that reported by Elias et 
al [27], while the latter is uncertain. Most lamellar contents 
did not show filipin lesions but some did. The lamellar contents, 
however, have been well labeled with digitonin [27]. Therefore, 
the infrequent labeling may be due to insufficient penetration 
of filipin into the interspace of tightly packed laminae in the 
granules or, again, may be due to low deformability. 
The distinct exclusion of filipin-induced lesions from des-
mosome, gap junctions, and tight junction strands was noted 
also in human epidermis as seen in mouse epidermis [27], and 
liver [4] . 
In the present study, only the outer nuclear membrane was 
highly labeled with filipin, while the inner nuclear membrane 
showed no filipin lesions in spinous and granular cells. There 
is little information regarding the filipin sensitivity of nuclear 
membranes, indicating no or poor formation of filipin lesions 
[28,29]. These observations are consistent with biochemical 
analyses [30] which have shown a much lower cholesterol 
content in nuclear membranes. Recently, the nuclear mem-
branes of larval urodelan epidermis have been found to contain 
a high amount of cholesterol in the outer nuclear membrane by 
freeze-fracture electron microscopy [31]. Our present finding 
confirms the high cholesterol content in the outer nuclear 
membrane in human keratinocytes of spinous and granular 
cells. 
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FIG 7. Plasma membranes of granular and horny cells. The filipin-
induced protrusions occurred on the P face of the granular cell, although 
plasma membranes of horny cells showed only shallow depressions 
(arrows) produced by a prolonged filipin treatment. D = desmosomes; 
GPM .p =the P face of the plasma membrane of granular cell; HEM. 
E = the E face of the plasma membrane of horny cells; arrows = 
filipin-cholsterol-induced depressions (pitlike lesions), which are in-
complete compared to those of living keratinocytes. 
FIG 8. Lamellar structure of lipids between horny cells. The lamellar 
structures are intensively affected with filipin, but the horny cell 
membrane is not. Arrows indicate the edge of a leaf of the lipid lamellar 
structure. HPM. P = the P face of the ho'rny cells; D = desmosomes. 
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In conclusion, the results obtained in t his study provide 
evidence that keratinocytes in human epidermis undergo a 
distinctive transition in either t he filipin de formability of mem-
brane, or heterogeneity in cholesterol content during keratini-
zation. However, implication of cholesterol in epidermal differ-
entiation remains to be clarified by further investigations of 
diseased epidermis, such as pemphigus, Hailey-Hailey disease, 
ichthyotic diseases, and skin tumors. 
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